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Pathologic and epidemiologic data suggest that while little racial variation exists in prostate
cancer prevalence ("autopsy cancer"), striking racial variation exists for the clinically diagnosed
form of the disease. A review of the available literature was performed to define whether racial
differences in serum androgen levels or qualitative or quantitative differences in the androgen
receptor were correlated with prostate cancer incidence or severity. Black men were found to
be exposed to higher circulating testosterone levels from birth to about age 35 years. Such dif-
ferences were not consistently noted among older men. Significant differences also were found
for dihydrotestosterone metabolites among black, white, and Asian men. Unique racial genet-
ic polymorphisms were noted for the gene for 5oL-reductase type 2 among black and Asian
men. Novel androgen receptor mutations recently have been described among Japonese, but
not white, men with latent prostate cancer. Finally, androgen receptor gene polymorphisms
leading to shorter or longer glutamine and glycine residues in the receptor protein are corre-
lated with racial variation in the incidence and severity of prostate cancer. This same polymor-
phism also could explain racial variation in serum prostate-specific antigen levels. Collectively,
these data strongly suggest racial differences within the androgen/androgen receptor pathway
not only exist but could be one cause of clinically observed differences in the biology of prostate
cancer among racial groups. (J Nat! Med Assoc. 1 999;91 :653-660.)
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Striking differences among races exist in the inci-
dence of and mortality from prostate cancer. The
incidence is 50% higher and mortality two times
higher in American black men than in American
white men.' In contrast, Asian Americans have both
a lower incidence of and lower mortality from
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prostate cancer. l,2 Mebane et a13 reported that the age
at onset of clinically manifest prostate cancer is about
5 years younger in American blacks (age 45, 6.7
cases per 100,000) than in American whites (age 50,
2.6 cases per 100,000) and that when stratified by
age, black men have a two-fold higher incidence of
metastasis at diagnosis. What factors are responsible
for such overt differences in the clinically manifest
form of the disease?

Pathologic data are informative in this regard. In a
large autopsy series, Sakr et a14 showed that the
prevalences of small, clinically undetected ("latent")
prostate cancers in men who died of other causes
were similar for black and white men when stratified
by age. However, when both autopsy and clinical
specimens were analyzed for the presence of the pre-
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An n
Receptor Pathway

Figure 1. Androgen/androgen receptor pathway within the prostate and urogenital tract. Testosterone from the blood dif-
fuses into hormonally responsive tissues where it either binds directly to the androgen receptor (AR) or is converted to its
more potent dihydrotestosterone (DHT) form by the enzyme 5a-reductase type II. Once the receptor is bound with either lig-
and, it becomes activated and can bind to the promoter of androgen-responsive genes, triggering protein synthesis.
Processes regulated by this pathway include prostate-specific antigen production (PSA), cell growth, and the development of
male secondary sexual characteristics.

malignant lesion high-grade prostatic intraepithelial
neoplasia (HGPIN), black men between the ages of
30 and 59 years had both a higher incidence and a
greater extent of HGPIN compared with age-
matched white men.4 The molecular mechanism for
this recent observation awaits elucidation. However,
as differences in HGPIN between the races also are
associated with earlier onset of prostate cancer in
black men, the question arises of whether the same
mechanisms also explains why black Americans
progress at a higher rate to a clinically manifest form
of prostate cancer.

This article examines the major factors within the
androgen/androgen receptor pathway that may be
involved in the early progression of prostate cancer
in black Americans as well as perceived racial dif-
ferences in the behavior of the disease among dif-
ferent racial groups.

ANDROGEN/ANDROGEN
RECEPTOR PATHWAY

Figure 1 presents a simplified diagram of the

androgen/androgen receptor pathway within the
prostate and urogenital tract.57 The receptor path-
way involves the steroid hormones testosterone and
dihydrotestosterone (DHT), the androgen receptor
(AR), and target genes in the nucleus that are regu-
lated by androgens. Testosterone diffuses into the
prostate from the blood, where it can bind directly
to the AR. Of more physiologic importance, testos-
terone is converted to DHT via the enzyme 5o-
reductase type II.

Observations indicate that this enzymatic activity
is compartmentalized to stromal and basal cells of
the prostate and is not found in luminal cells (which
are enriched for AR expression).8 This localization
suggests a paracrine interaction between the ligand
(DHT) produced in the basal-stromal cell compart-
ment and the receptor (AR) produced in the luminal
cell compartment. After binding of ligand to recep-
tor, the receptor is activated, it binds to responsive
elements within the promoter regions of androgen-
responsive genes, and transcription and subsequent-
ly protein synthesis occur.5 Such androgen-regulated
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genes include those responsible for proliferation,
prostate-specific antigen (PSA) expression, or viril-
ization of the urogenital sinus.9

Androgens
Testicular androgens6'7 have a major influence on

the development of the normal prostate and play at
least a permissive role in the development of neo-
plasia. Testosterone is the major circulating andro-
gen in the blood. Males achieving castrate levels of
testosterone prior to puberty (eunuchs) do not devel-
op benign prostatic hypertrophy or prostate cancer.
In contrast, rats supplemented with testosterone
have a more than 18-fold increase in prostate cancer
incidence. 10

The adrenal androgens androstenedione, dehy-
droepiandrosterone, and dehydroepiandrosterone sul-
fate can also be converted to testosterone and DHT;
however, they provide < 10% of the circulating andro-
gens and do not support the growth and development
of the normal prostate. They may, however, play a sig-
nificant role in advanced prostate cancer as a residual
source of testosterone and DHT or by directly binding
to mutant ARs.11 Dihydrotestosterone is the potent
intracellular mediator of the androgenic effect in the
prostate and external genitalia. It is formed by reduc-
tion of testosterone by the enzyme 5o-reductase type
II (one of two isoforms, produced mainly in the uro-
genital tract). The enhanced efficacy of DHT com-
pared with testosterone is partially mediated by its
higher affinity for and stability of binding to the AR.
However, higher concentrations of testosterone may
compensate in part for its weaker interaction with the
receptor.'2 Receptor activation and subsequent tran-
scription are complex and may involve growth fac-
tors, vitamins, or neurotransmitters.6"13

Congenital syndromes of androgen resistance such
as absence of 5ot-reductase type II or defects in
androgen receptor function result in various forms of
the male pseudohermaphrodite syndrome, in which
prostatic development and male external virilization
are inhibited despite the presence of testosterone in
utero. Of interest, at puberty, when there is a
gonadotropin-induced rise in testosterone, males with
5oL-reductase type II deficiency become virilized and
DHT becomes detectable in the serum. This is relat-
ed to production ofDHT by 5ot-reductase type I (the
other isoform) produced in the skin and liver. 5-7,14

After its formation in the tissues, very little DHT
reenters the plasma; it is metabolized to androstanedi-
ol glucuronide and androsterone glucuronide, -which

are detectable in serum. Thus, the levels of these
metabolites are more reflective of tissue DHT levels
and 5oa-reductase activity than are serum DHT levels.6

Serum Androgen Levels and Prostate Cancer
Experimental and clinical observations would sug-

gest that the measurement of serum androgens might
explain differences in prostate cancer among and
between populations, as testosterone and DHT
appear to be integral factors for its development.
Early studies by Ghanadian et al15 and Ahluwalia et
al16 revealed small increases in serum testosterone lev-
els but no differences in DHT levels in prostate cancer
cases compared with matched control subjects.
However, in the latter study, only US black men had
higher testosterone levels than their controls; Nigerian
men with prostate cancer had lower testosterone lev-
els than age-matched control subjects.16

In a subsequent study, Osegbe and Ogunlewe'7
also found decreased levels of serum testosterone in
prostate cancer cases compared with control sub-
jects. Dejong et al8 compared serum androgen lev-
els among Dutch and native Japanese men (who
have low prostate cancer incidence) with and with-
out prostate cancer. Although Dutch men exhibited
marginally higher testosterone levels thanJapanese
men, there was no difference in testosterone or
DHT levels between Dutch or Japanese cases and
age-matched control subjects.

Thus, the data from retrospective case-control
studies are at best controversial with respect to the
correlation of serum androgen levels with the devel-
opment of prostate cancer. The interpretation of the
above-mentioned studies is potentially difficult
because of a variety of covariables that can affect
serum androgen levels, such as age, body habitus,
cigarette smoking, ethanol intake, and medications.
In addition, due to the high prevalence of asympto-
matic prostate cancer in the population, especially
prior to the era of detection by PSA testing, the
ascertainment of "control" subjects is problematic. It
is also uncertain what effect prostate cancer itself
may have on serum androgen levels.

More recent strategies have been to collect data
and serum from men who either did or did not
develop prostate cancer with prolonged follow-up
(12-14 years).19-21 After prospective ascertainment of
prostate cancer and control subjects, the serum sam-
ples stored many years prior are analyzed for differ-
ences in androgen levels between cases and con-
trols. The results of three such studies have been
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reported. Nomura et al'9 found that prostate cancer
cases exhibited serum testosterone levels similar to,
but DHT levels lower than, those of control subjects.
The testosterone/DHT ratio was slightly higher in
serum from patients with prostate cancer. Barrettt-
Connor et a120 also found no differences in testos-
terone levels but noted a significant increase in
androstenedione (androgen precursor) in prostate
cancer patients; DHT levels were not measured.
Hsing and Comstock2l found marginal but statisti-
cally insignificant increases in serum testosterone
and the testosterone/DHT ratio in serum from
prostate cancer patients.

Thus, three prospective studies provide only
meager data to suggest a role for serum androgens
in the development of prostate cancer. However,
important caveats exist. Men in these studies were at
least 50 years of age when samples were taken. As
testosterone levels decrease with age, it is unknown
whether at an earlier age androgen levels would be
different among men destined to develop prostate
cancer. In addition, tissue DHT is the important
mediator of the intracellular androgenic effect.
Unfortunately, none of the above-mentioned studies
measured levels of the serum metabolites of DHT.

RACIAL DIFFERENCES IN ANDROGEN LEVELS
AND 5a-REDUCTASE ACTIVITY

Because of the higher incidence of clinically diag-
nosed prostate cancer and the earlier age of onset
(beginning in the mid-40s) among American blacks,
recent studies have attempted to define differences in
the hormonal milieu of this racial group compared
with other racial groups with a lower prostate cancer
risk. Henderson et a122 measured serum hormonal lev-
els among black and white women during gestation
and found that black women exhibited 48% higher
testosterone levels when matched for age, weight, day
of gestation, and birthweight of offspring.

Ross et a123 found that young black men (18-22
years) had serum testosterone levels 15% higher
than those of age-matched white men. Their results
were confirmed by Ellis and Nyborg,24 who found
that young black men had higher serum testosterone
levels than whites of similar age and weight and with
similar times of sample procurement. Of interest,
this difference in testosterone levels was noted only
in black men up to age 35. Subsequently, there was
no difference in testosterone levels.24

In a follow-up study, Ross et a125 measured serum
testosterone, DHT, and metabolites of DHT among

young American blacks and whites and native
Japanese. In this study, both black and white men
had significantly higher serum levels of DHT
metabolites (androsterone glucuronide, 30L,173-
androstanediol glucuronide) than did native
Japanese men. In addition, black men had 11%
higher testosterone levels than whites (not signifi-
cant), but serum testosterone levels were similar
between black andJapanese men. These data sug-
gest the possibility that lower 5aL-reductase activity
inJapanese men is correlated with their decreased
incidence of prostate cancer.25 Lookinbill et a126 doc-
umented decreased 5ax-reductase activity in young
native Chinese men and women compared with
their age-matched white counterparts.

Reichardt et a127 described genetic polymor-
phisms in the gene encoding the 5ot-reductase type
II enzyme, which is located on chromosome 2
(2p23). In comparing allele frequencies for three US
population groups (blacks, Asian Americans, and
non-Hispanic whites), they noted three different
allele families (containing 87 base pairs [bp], 103-107
bp, and 121-131 bp). Of interest, 18% of black
American men exhibited the 121-131 bp alleles. No
such alleles were noted in white or Chinese men.
These same investigators reported the presence of a
prevalent germline polymorphism in the 5aL-reduc-
tase type II gene, which substitutes a valine for a
leucine at codon 89.28 The leucine allele frequency
was highest in Asian Americans and associated with
significantly decreased 5oa-reductase type II activity
in Asian-American patients who had homozygous
leucine, as opposed to valine, alleles. Thus, when
considered together, the data collected from popula-
tions of young black, Asian, and white men provide
evidence of significant biochemical and genetic dif-
ferences that correlate with racial disparities in
prostate cancer incidence.

RACIAL DIFFERENCES IN ANDROGEN
RECEPTOR MUTATIONS

The AR is a member of the steroid receptor
superfamily and functionally acts as a ligand-activat-
ed nuclear transcription factor. The AR gene is
located on the X chromosome (qI 1- 12) and consists
of an amino-terminal transactivation domain, a cen-
tral DNA-binding domain, and a carboxy-terminal
ligand-binding domain.29 As the effects of testos-
terone and DHT are mediated through the interac-
tion of these hormones with the AR, the question
arises of whether qualitative or quantitative differ-
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ences in the AR could explain differences in the
incidence of or mortality from prostate cancer
among and between races. Several studies have
shown that AR gene mutations are rare in clinically
localized prostate cancer but tend to occur with
increasing frequency in patients with metastatic dis-
ease.9),3,31 Such mutations involve the ligand-bind-
ing domain and confer altered specificity of binding
that results in enhanced functional activity and rela-
tive androgen-independent behavior. 30,31

Racial differences with respect to such mutations
in advanced disease have not been reported. From a
functional standpoint, two recent studies have shown
that black and white patients with advanced disease
treated with androgen ablation had similar survival
rates.3233 In addition, Fowler et al34 showed that the
PSA nadirs after androgen ablation were similar for
blacks and whites, as were the responses to the addi-
tion or withdrawal of the antiandrogen flutamide.
These data suggest that ifAR differences exist among
black and white patients with advanced prostate can-
cer, they are of minimal functional significance given
existing therapy.

In a comparative study, novel AR mutations
were described in native Japanese and American
men using samples of both clinically diagnosed and
clinically inapparent cancer discovered at the time
of autopsy (latent cancer).35' No AR mutations were
found in any of the clinically discovered Japanese
(0/38) or American (0/26) prostate cancer cases.
However, 17 (23%) of 74 Japanese men compared
with 0 of 43 American men with latent cancer at
autopsy were found to have AR mutations. These
mutations were frameshift, nonsense, and missense
types, which would be predicted to result in loss of
function of the AR. Whether such mutations are
responsible for the low progression rate of prostate
cancer to clinically diagnosed disease in Japanese
men is uncertain but provocative.

Quantitative differences in AR expression have
been shown by Sadi et al3'" to correlate poorly with
response to androgen ablation. Subsequently, the
same authors showed that heterogeneity of AR
staining within a specimen predicted a shorter dura-
tion of response.37 To date, quantitative studies on
racial variation in AR expression in men with and
without prostate cancer have not been reported.

RACIAL VARIATION IN AR GENE
POLYMORPHISMS

The amino-terminal domain of the AR consists of

lengths of glutamine and glycine repeats, which are
encoded by CAG and GGC trinucleotide repeats,
respectively, within the AR gene.29 The numbers of
glutamine (CAG) and glycine (GGC) repeats within
the normal population are polymorphic and vary
from 7 to 35 for CAG and 4 to 24 for GGC.38-')

Mutations that lead to an overexpansion of the
AR CAG repeat length are associated with at least
three genetic diseases. One of these, X-linked spinal
and bulbar atrophy (Kennedy's disease), is a degen-
erative neuromuscular syndrome in which the CAG
repeat is twice the normal length.394() In this syn-
drome, longer CAG repeat length correlates with
disease severity and earlier age at onset of the dis-
ease.40 Androgen receptors from patients with
Kennedy's disease exhibit reduced transcriptional
activity. Chamberlain et a140 also have confirmed
that altering the number of CAG repeats affects
transcriptional activation without affecting ligand
binding; deletion of CAG repeats resulted in
increased transcriptional activity, whereas addition
decreased functional activity.

Three studies described the potentially important
association of trinucleotide repeat length with the
incidence or severity of prostate cancer.3)41,42 Irvine
et al4l studied both CAG and GGC repeat length in
black, white, and Asian American populations.
They found that the median CAG repeat length of
Asian Americans was 22, whereas 750/o of black
Americans and 62'%/o of white Americans exhibited a
CAG repeat length <22. With respect to the GGC
repeat, 700/o of Asian men exhibited 16 repeats,
while only 20%/o of black and 57% of white men did.
In a comparison of white prostate cancer patients
with control subjects, a genotype of "<22 CAG
repeats and not 16 GGC repeats" was associated
with a relative risk of prostate cancer of 2.1 (P=.08).
This high-risk genotype was present in 25 (641/%) of
39 black men, 9 (24%) of 37 white men, and 3 (9/)
of 34 Asian men, which correlates with their respec-
tive prostate cancer risk.

Giovannucci et a142 studied CAG repeats in 587
prostate cancer patients and 588 control subjects
from the Physician's Health Study. A significant
trend of prostate cancer diagnosis overall was noted
for men with s 18 CAG repeats in comparison with
men with -26 repeats. However, when stratified by
grade and stage of cancer, shorter CAG repeat
length was significantly related to high-grade and
high-stage prostate cancer (P=.001) versus low-grade
or low-stage cases. This association of advanced
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stage of disease with shorter CAG repeat length sub-
sequently was confirmed by Hakimi et al.39 In addi-
tion, these authors noted a higher frequency of short
GGC alleles (s14 repeats) in patients with prostate
cancer than in the general population.

RACIAL VARIATION IN SERUM PSA LEVELS
ANDROGEN/ANDROGEN RECEPTOR-
MEDIATED TRANSCRIPTIONAL EVENTS

Considering the above-described racial differences
in hormonal profiles and the AR, one could speculate
that differences in expression of proteins that are
mediated via the androgen/androgen receptor path-
way could be found. Prostate-specific antigen is a rel-
atively tissue-specific glycoprotein produced by
prostate epithelial cells. Serum PSA measurements
are invaluable for the detection, staging, and moni-
toring of response to therapy in prostate cancer.43

Variations in serum PSA levels are associated
with the volume of benign and cancerous epitheli-
um, cancer grade and stage, access to the circulation
of PSA (affected by trauma and inflammation), and
cellular production of PSA (affected by the andro-
gen/androgen receptor pathway and other nonan-
drogen PSA stimulatory factors).14,44-46 In addition, a
number of recent studies have shown a striking
racial variation in serum PSA values.4752 Serum PSA
values appear to be higher in black Americans with
or without a cancer diagnosis than in white
Americans.4749'51'52 In contrast, serum PSA levels
appear lower inJapanese men than in age-matched
white men.50

To evaluate whether racial factors independently
contribute to variability in serum PSA levels, we
recently analyzed radical prostatectomy specimens
from 40 black and 148 white men who underwent
prostatectomy at our center during the same time
period. Cancer grade, stage, tumor volume (using
the whole-mount technique), and prostate weight, as
well as the number and location of cancer foci, were
analyzed in depth in black and white patients.53 The
data revealed that serum PSA levels in black and
white patients were similar among patients with can-
cers of lower pathologic stage (organ-confined can-
cers [pathologic stage T2], organ-confined cancers
with iatrogenic-positive margins [T2+], or cancers
with extraprostatic extension but negative margins
[T3-]). However, among cases in which the seminal
vesicles were involved (T3c) or in which extrapro-
static extension and positive surgical margins (T3+)
were found, serum PSA levels were significantly

higher in the black patient cohort despite tumor vol-
umes, prostate weights, and grades of prostate can-
cer similar to those of the white cohort. This result
suggests a difference in cellular production or
metabolism of PSA between races. This was con-
firmed in a multivariate analysis that revealed both
race and tumor volume were independent contribu-
tors to serum PSA variation in patients with
advanced cancers. Because all but two patients
exhibited undetectable PSA levels immediately after
surgery, the source of serum PSA was attributable to
the prostatectomy specimen rather than occult dis-
tant metastases.53

Prostate-specific antigen production is an andro-
gen-regulated process, and racial differences in
either the ligand or receptor conceivably could
result in variation in PSA production. However, a
recent study was unable to correlate serum-free
testosterone, androstenedione, luteinizing hormone,
or prolactin levels with serum PSA levels in a multi-
variate analysis of black and white patients with
stages A-C prostate cancer.54
An altermative explanation for racial variation in

serum PSA levels is related to the functional status of
the AR in relation to the previously mentioned poly-
morphic CAG repeats within the AR genome.39'41'42 If
increased AR functional activity also resulted in
increased PSA production, this could explain why
serum PSA levels in black men (who have short CAG
alleles) with or without a diagnosis of prostate cancer
were higher in a number of recent studies, some of
which controlled for prostate and tumor volume.52'53

CONCLUSION
Black men are exposed to higher levels of circu-

lating androgens from birth to approximately age 35
years (which predates the onset of clinical prostate
cancer). Further, significant differences exist in 5o-
reductase activity among the races, and these differ-
ences correlate with the subsequent risk for the
development of prostate cancer. In addition, several
racial/ethnic-specific genetic polymorphisms that
could affect tissue DHT levels have been identified
in the 5c--reductase type II gene and androgen
receptor-inactivating mutations exist among latent
carcinomas from Japanese, but not white patients.
Finally, differences in genetic polymorphisms of the
amino-terminal trinucleotide repeats (CAG, GGC)
of the AR among races are significantly associated
with the incidence and severity of prostate cancer.

Collectively, these data strongly suggest that
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racial differences within the androgen/receptor
pathway not only exist, but could be causally relat-
ed to clinically observed differences in the biology
of prostate cancer among the races.
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